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© Heat processable metallic appearing coatings. 



© A heat processable metallic appearing coated article is prepared by coating a glass substrate with a metal- 
containing film such as chromium or titanium nitride, which ordinarily oxidizes at high temperature, and 
overcoating with a protective layer of a different metal which forms a dense oxide surface layer. The coated 
article is subjected to high temperature processing such as bending without losing its metallic appearance to 
oxidation. A temperable coated article with metallic properties is prepared by coating a glass substrate with a 
metal-containing film such as titanium nitride, whicl\ ordinarily oxidizes at high temperature, overcoating with a 
protective layer of a silicon compound which forms a durable layer and prevents oxidation of the underlying 
metal-containing film, and undercoating with a stabilizing metal-containing layer. The coated article can be 
tempered without losing its metallic properties to oxidation. 
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This invention relates generally to the art of vacuum coating, and more particularly to the art of 

temtrZ: aCUUm C ° ati T ^'^ mai0tain 3 meta " iC W«nce and other metallic throughout It 
temperature processes such as bending, laminating, and tempering 9 

Most vacuum coatings on glass which have a desirable metallic appearance and other metallic 
ESSTrT P ° Sit8d T th6ir CharaCtefiStic metal,ic a PP— ce and properties when sub^L To high 
TnTT? Pr °H eS f n9 , VaCuum coati "9 s with a m ^al.ic appearance and other metallic properties such as 
S2. h ^ r . e, ' eCtanCe - ^ 96nera,ly metalS " metal nitrides ' metal carbi ^ or meta borides 
and Mes ablbSfo WhS " 'VT meta ' WddeB WhiCh are eleCtriCa "* insu,atin 9' ™ e »*»P-«J 
Sn- rfnf ? 9 " ^ me,a ' S C3n be heated in air to the formin 9 temperature of glass (600 to 

conseaueni non ?i P * ° Xide the thinn6SS 0f trans P a - nt coatings and the ° 

consequent non-bulk, even porous, nature prevent the formation of a suitable protective layer Thus thin 
transparent metallic appearing fi,ms generally cannot be heated to temperatures at wSh g.aTc J be bem 
without degradation of metallic properties 9 6 Dent 

g.ass U 'Le a with Ttran^ 087 t0 H H ° ,SCher diSC ' OSeS 3 Pr ° CeSS ,0r the production of a tem ^ or bent 
glass plate w.th a transm.ss.on-reduc.ng coating in which to one side of the glass plate is applied at least 

one opaque metal coating predominantly at least one meta. or alloy of elements 22 to 2 and a meS 

conta,n,ng protectee coating of an a.loy of aluminum and at least 10 atomic percent titanium Td/or 

SKSoS such that durin9 ~ or bendina there is no ~ £Z 

Bv c A hann^ m th n J trid 7°lL n9 , haS metal " C pr0 P erties that mak « * citable for a durable solar control coaling, 
ini rn h^" 9 ^T SS - the transmission and sola ' P^Perties can be varied, and by adding the 

ss^es, - d,electric ,ayers - ref,ectance and co,or can be varied «* ***** 

Such coated articles have particular application in monolithic automotive glazing. When the coatina is 
deposed on a dark substrate such as So.argray® glass it can be used for privacy glazing with enhanced 

adusteTto at"? 3 d6S : red : ef ' eCtanCe and CO ' 0r - ° n C ' ear 9,aSS ^e titanium 9 nitrid'e layer can be 
ad Justed to allow for greater than 70 percent transmittance of llluminant A (LTA) with low interna* 



SUMMARY OF THE INVENTION 

35 Vacuum coatings with a metallic appearance as deposited can be made to retain their metallic 
appearance upon bending by overcoating with a different meta. which forms a densToxide Further 

zrd e b m v e a n ni^r on rT ce of the meta,,ic fi,m can be attained by 

formed by another layer of a d.fferent material, particularly an amorphous metal oxide 

Vacuum coatings of metal compounds having metallic properties, such as titanium nitride which retain 
aZZ C ^rK? 5 Whe " ° VerCOated With 3 di8lectric material ' are ^abiiized for tempering b fhe 
wh d r na l a r . metal ' a " 0y ° r semiconducto ' "W below the titanium nitride. Such an und erlayer 
the n, a « M f T e r nSi ° n COeffiCient eQUal 40 ° r l6SS than that of the sut >strate, has good adhesion to 
SubStrate and t,tanium nitride 'aver, eliminates the problems of haze, mottle, picture framtno and 
surface contam.nat.on. and greatly increases the operating temperature range for emperTng P efer^ed 

45 ste^sst 1 * si,icon ' titanium - ™- — ™~. *: a ,st 

DESCRIPTION OF THE DRAWINGS 



so 



Figure 1 compares the reflectance of a heated but unoxidized metallic layer in accordance with the 
me e S. n c irer (C). ™ "* ° f *" ^ (B) a " d «^ «^^u^ 

nroc Fi9 ;. re 2 com P are s the transmittance of a heated but unoxidized metallic layer in accordance with the 

55 KSS!;u ta -* n - of a heated oxidi2ed meta,lic layer (B) and the -~ °< 

mal .S re 3 f ill 1 UStrates a coated article of the present invention with substrate 10 coated with a first 
ZnZT m h eta '- CO " ta,n ! n 9 la * e ' 20 -hich stabilizes a second' metal compound .ayer 30 with meta l c 
propert,es wh.ch in turn ,s protected from oxidation by a silicon-based dielectric layer 40 
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Figure 4 illustrates the transmittance as a function of wavelength for a coating of the present invention 
before and after heating at 1300° F (704' C) for 3.5 minutes. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

5 ~~ " ~ ' " " 

In accordance with the present invention, some of the more oxidation resistant coatings, preferably 
chromium nitride and titanium nitride, which nevertheless normally oxidize quite quickly at 700 * C, can be 
protected from such oxidation by another oxidation resistant metal. The protective layer must be dense to 
prevent oxidation of the underlying metallic layer. Since metal oxides are generally not sufficiently dense as 

10 deposited in vacuum, the protective layer is deposited as a metal which forms a dense oxide surface layer 
which prevents oxidation of the underlying material- The metal of the protective layer must be different from 
the metal of the metallic layer in order to prevent oxidation from proceeding through the interface. Thus, for 
example, a titanium protective layer will prevent oxidation of a chromium nitride layer, whereas a chromium 
layer will not. Similarly, a titanium protective layer will not protect a titanium nitride layer from oxidation, 

75 whereas a silicon protective layer will. 

An unprotected coating oxidizes upon heating, which results in higher transmittance and lower 
reflectance than a metallic coating protected in accordance with the present invention, as shown in Figures 
1 and 2, as well as a hazy and translucent appearance. In contrast, a metallic appearing vacuum coating of 
e.g. chromium nitride or titanium nitride, protected by a different oxidation resistant layer such as titanium 

20 or silicon respectively, in accordance with the present invention, will retain its characteristic metallic 
reflectance, transmittance and absorbence properties upon heating to glass bending temperatures as shown 
in Figures 1 and 2. The slightly lower reflectance and higher transmittance of the heated coating are the 
result of oxidation of the surface of the protective layer. 

Further improvement in oxidation resistance can be attained by introducing additional interfaces formed 

25 by yet another, different type of material. This material is preferably glassy, e.g. an amorphous metal oxide, . 
such as zinc-tin oxide, preferably of approximate composition Zn2Sn04. ' • - ■ '-" 

In order to use titanium nitride on a flat .glass substrate which, is subsequently tempered,^ it has now 
been discovered that it must not only be protected from oxidation by means of a protective overcoat layer, 
but also must be stabilized, for example, against <jiass -substrate-titanium nitride layer interaction orstress- 

30 induced "breakdown" which occur at the high- temperatures required for tempering. For example, a coating 
of titanium nitride/silicon nitride made by a magnetron, sputtering process, where the silicon nitride overcoat 
prevents oxidation of the titanium nitride, was found not to -survive tempering for silicon nitride layer 
thicknesses up to 800 Angstroms. Such a coating becomes hazy, mottled, crazed and- develops anpicture 
frame effect (coating breakdown around the edge of glass plate) after tempering. In addition, the coating is 

35 susceptible to glass surface contamination, such as packer belt marks; washer contamination in the form of 
streaks, or spots in the coating after heating. ... 

In accordance with the present invention, oxidation., resistant metallic metal compound coatings, 
particularly titanium nitride, which nevertheless normally oxidize readily at 700 °C, can be protected from 
such oxidation by dielectric oxides or nitrides if a stabilizing layer is deposited below the titanium nitride 

40 layer as well. These stabilizing layers should have good adhesion to the adjacent layers, be somewhat 
malleable and have thermal expansion coefficients less than or equal to glass. The preferred stabilizing 
layers are silicon and silicon alloys, titanium, zirconium, tantalum, chromium, niobium, nickel-chromium and 
nickel-chromium containing alloys. Aluminum nitride can also be used as a stabilizing layer, particularly to 
maintain high transmittance. Silicon-aluminum as a stabilizing layer results in higher total solar energy 

45 transmittance (TSET) values than silicon-nickel and aluminum nitride for the same value of luminous 

transmittance of Hluminant A (LTA). . . ^ 

The stabilizing layer isolates the glass substrate from and provides a uniform controlled surface for the 
metallic metal compound layer. During the thermal process it prevents, for example, the titanium nitride 
layer from reacting with the glass surface and provides a mechanical transitional layer between the glass 

so substrate and the titanium nitride layer. The stabilizing layer reacts with the glass surface forming an oxide, 
thus increasing in transmission, and still maintains bonding to the metallic metal compound. The stabilizing 
layer should be thick enough to isolate the metallic metal compound layer from the glass, yet thin enough 
to oxidize and provide maximum transmission, since this layer does not significantly enhance solar 
properties. The thickness of the stabilizing layer is preferably in the range of 5 to 100 Angstroms. A 

55 preferred stabilizing layer is silicon, preferably in the thickness range of 20 to 50 Angstroms. Titanium is 
another preferred stabilizing layer, particularly in the thickness range of 15 to 40 Angstroms. 

Silicon alloy dielectrics are preferred for overcoats in accordance with the present invention. The silicon 
alloy dielectric used for the overcoat is critical in preventing coating breakdown during heating. Silicon can 

3 
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^^Toi:z g 7 n ^:z £rs Eac r e,ement adds some ^ <«™ * - — «. 

target fabrication e the?by cal Z o deP ° Slt, ° n ° r , the f ° rm of a s P uttered coatin 9- «" addition, 

present invention e^mente aHoved iZS^ZTF* ' S taC " H * tod b/ 3 "° yin9 - ,n ^ordance with the 
chromium allovs boron ,t a „Z "^ ^,^' COn ' M a,umi ™" ■ nickel, chromium, iron, nickel- 
me,,! and is liLed on^ by"h« desitd SZ^,^ f T* S "° yed "* Sifc0 " va * s * 
by weight of addition* „,e J in t^lH^^J!^ ,, ?."S. ,h * T "*=*"» 10 50 

percent dopant. 5 <° 2 = P""™ allo v ing metal and/o, op to 2 

sand^hTdUe^S C? to STf^, ^ ^ °"»* ° f titani - 

overcoat, .n accordance tne p^nUnveminn J f kt 6 "' 6 C ° atin9 ■** 3 " d pr0Vide a ? rotective 

The ^co^n^^p o^ T m TSZl Preferably 31 3 thiCkneSS ° f 30 t0 500 A "9 strams - 
silicon-based cLectric materia ° Se' ^TS^T?^ T materia '' 3 
combination of these lavers and tho thor^i bend.ng or tempering process. The 

properties of ^Z^X^JS^^ T b 7* *" IT*** * *" ^ The SO,ar 
alloy dielectric material are always superior to 2 Vn °? met3 ' ' ayer ' tit3niUm ni,ride and si,icon 

Preferred silicon-based iSLSteiiS ! a e he oxlf ^"h ^ C ° a,in9 "" h "° StabUizin 9 laye ' 
al.oys containing, e.g. a.uminum. nicl^ " ltndeS ^ °** Ms ° f sMcon and 

lumilVt'^ a haS Part ! CU,a : ^sion areas of vehicles where 

antireflecting. solar enhancTj ^ dUr3b ' e ' appearinQ - 

example the European requirement of 75% c^ ™S k T transmrttance (LTA) requirements, for 
which can also be done toTcTpensate ffoMhe inttT V ? UC ' n9 ^ ' ay6r thiCkneSS of titanium nitride - 
in accordance with the pres^ntTen^on ^ransm-ttance when tinted glass substrates are coated 

that~a°v n e S LtTS^S^J^^^ f Jf 35 °« h — * areas 

The preferred coated articles of the present invention have the general configuration 
glass/M 1 /M3/silicon(M2)dielectric 

— doting ^ T^l'l£™£«^ 
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deposited between the metal compound and the silicon-based dielectric material. 

With reference to Figure 3, a glass substrate (10) is coated by sputtering, first, a stabilizing layer (20) 
whose function is to prevent coating breakdown during high temperature processing. This is followed by a 
metallic metal compound layer (30) with metallic properties whose function is primarily to reduce solar heat 

5 load, and secondarily to fulfill aesthetic requirements. This layer may be followed by an optional intermedi- 
ate layer (not shown) the function of which is to enhance, if needed, the performance of the protective 
overcoat and. optionally, to give increased flexibility in coating aesthetics and transmittance. Following this 
layer is the dielectric protective overcoat layer (40) whose function is to prevent oxidation of the metallic 
compound layer during high temperature processing and to provide a durable overcoat. 

10 The stabilizing layer is preferably selected from the group consisting of silicon, titanium, zirconium, 
tantalum, chromium, niobium, silicon alloys, nickel-chromium alloys and aluminum nitride. The metal 
compound layer (30) with metallic properties, the function of which is primarily to reduce solar heat load 
and secondarily to provide aesthetics requirements, is selected from the group consisting of metal borides, 
metal nitrides, metal carbides and metal oxynitrides. The optional intermediate layer is preferably selected 

;5 from the group consisting of silicon, titanium, silicon metal alloys and oxides, nitrides and oxynitrides 
thereof. Finally, the dielectric protective overcoat layer (40), the function of which is to prevent coating 
breakdown during high temperature processing and to provide a durable overcoat, is selected from the 
group consisting of nitrides, oxides and oxynitrides of silicon and silicon-metal alloys. 

Additionally, to provide flexibility in controlling color, reflectance and transmittance along with meeting 

20 solar property requirements, optional layers can be sputtered. For example, a silicon nitride layer can be 
inserted between the stabilizing layer (20) and the metallic metal compound layer (30). Other optional layer 
sequences are stacking the metallic metal compound layers alternatively with the group selected for the 
stabilizing layer and, adding a metal layer over the protective overcoat layer (40). Layers can also be 
repeated, for example, additional metallic metal compound layer followed by protective overcoat layer can 

25 be sputtered over the protective overcoat layer (40). 

In preferred embodiments of the present invention, the coatings are produced oh a large-scale 
magnetron sputtering device capable of coating glass up to 100 X 144 inches (2.54 X 3.66 meters). In the 
following examples, the coatings are deposited on a smaller scale, using planar magnetron cathodes having 
5X17 inch (12.7 X 43.2 centimeter) metal-targets of e.g. chromium or titanium, or a 3 inch (7.6 centimeter) 

30 diameter rotating cathode of silicon or. silicon, alloy. In each example, 6 millimeter thick glass substrates 
pass the targets on a conveyor roll at a speed of 120 inches (3.05 meters) per minute. Base pressure is in 
the 1 0~ 6 Torr range. 

The coatings are made. by> first admitting the sputtering gas, to a>pressure of 4 millitorr. andi then_setting.. 
the cathode to a constant power. In each .example, except where noted otherwise, 6 millimeter thick glass 
35 substrates pass under the targets on a conveyor roll at a speed tof 120 inches (3.05 meters) per minute 
unless otherwise specified. This procedure is repeated for each layer in the configuration. 

The coatings are tested for thermal stability by hanging 2.X, 12 inch (5.1 X 30.5 centimeter) strips of 
coated 6.0 mm clear glass on tongs and lifting them into a 48 X 30 x 12 inch (1.2 X 0.76 X 0.3 meter) 
vertical "loft" furnace heated to 705 ° C. The strips are heated for 3.5 minutes, except where noted 
40 otherwise, to simulate tempering. Air quenching in the tempering process does not cause any coating 
degradation. To determine compatibility with a production process, coated glass plates 12 inches (0.3 
meter) square were edged, washed, screened with a black band frit and tempered on vertical and horizontal 
furnaces. The coating properties were checked for transmittance, reflectance, color, and the solar properties 
of total solar energy transmittance and total solar infrared transmittance (TSET and TSIR). Taber abrasion 
45 tests were performed and percent haze recorded. 

The invention will be further^ nderstood. from the descriptions, of specific examples which .follow. 

EXAMPLE 1 

so A coating of chromium nitride about 380 Angstroms thick is made by sputtering a chromium metal 
target (2 passes) at 7.5 kilowatts, 587 volts in pure nitrogen gas at a pressure of 4 millitorr until the 
luminous transmission is 9%. The coated glass is then heated for 10 minutes at 570 *C. The coating is 
oxidized by the heat, and its transmittance curve is similar to B in Figure 2. 

55 EXAMPLE 2 

For comparison with Example 1 , a coating of chromium nitride about 380 Angstroms thick is made by 
sputtering a chromium metal target (2 passes) at 7.5 kilowatts, 586 volts in pure nitrogen gas until the 

5 
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lpuiteraT«,TS n t iS Tf • Th8n 3 '^^ ° f titaniUm meta ' about 40 ^roms thick is deposited by 
deceases o 7 T? ^ ^ * " kil ° WattS ' 346 V °' tS ' unt " the transmission of the sample 



EXAMPLE 3 



A film of chromium nitride about 380 Angstroms thick applied as in the above examoles to 9 6°/ 

compos.tion Zn 2 Sn0 4 made by sputtering a zinc-tin alloy target of Zn-2Sn composition at 1 8 kilowatts 346 
volts ,n a mixture of 50% oxygen, 50% argon by vo.ume. The transmittance ETS F^TZeT!f 

coZ^Zls ^ An9Str ° mS " aPP " ed 33 in Examp ' e 2 unt " tne transmmanc^ez^ "he 
coatmg rema.ns metallic in appearance after heating for to minutes at 570'C and 10 minutes at 625'C 



EXAMPLE 4 



ExamlTbuThalo^ ZTTr? ' * ** Chr ° mium nitride and titanium as in 

m/riTh! t « ° f ,ltan ' Um ° Xide about 40 An 9stroms thick between the other two layers is 

Ti^^SZSi^^n 8 M2 V0 ' tS ' ln 3 5 ° % a ^ n -V9en mixture at a pressure 

Z wnZ^StSV transmittance " se * ft«n 9-5% to 10.4%. The coating is oxidized after heating 



EXAMPLE 5 



A coating with the same chromium nitride and titanium layers as in Example 3 but havino a laver of 
titanium nitr.de about 40 Angstroms thick between the other two layers is made bvI2 I ,w 

Si 0 " 6 Pa5S ! ^ 6 ki, ° WattS ' 598 VOltS ' in an atm ° Sphere of P- ni'gen aTa %Zj£T 4 ZmT'Z 
coating ,s completely oxidized after heating for 1 0 minutes at 625 • C. 



EXAMPLE 6 



EXAMPLE 7 



For comparison with Example 6, a layer of titanium nitride about 500 Angstroms thick is deposited as in 
fn. a r I" tra " Smittance is 20 2% - A 'aver of silicon about 200 

SS?*? A,rC °, C ° a K ,in9S Tachnotooy C-Mag rotary cathode having silicon target material aM kilwatt 
b^shtd^ iS 108% - «» - 10 - «-CX the coating'TS 



EXAMPLE 8 



22 at 17 f n T nitride abOU< 470 Anastro ™ thick is applied as in Example 6. The transmittance is 
22.8/c. A layer of s, con nitr.de about 100 Angstroms thick is applied from a C-Mag cathode Ts in Example 

^2STSi?SiiT at T 3 h kilOWattS - 416 VO,tS in P- e -trogen gas at 4 mfllitorr. The TiSSE 
at 625'C 9 PaSS ' ^ appearance of t^ sample is unchanged after heating for 10 minutes 



EXAMPLE 9 



A titanium layer is deposited by sputtering a planar titanium cathode in argon at 0.6 kilowatts 332 volts 

logr:*To 0 kHowattf 536 "It ° , ' ,0 " 0Wed * 9 PM ~ U ** 3 Pla ™ ^ cathode fn p^ 
nitrogen at 4.0 kilowatts. 536 volts, to a transmission of 18.5 percent, followed by 5 passes using a rotating 
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cathode with silicon-5% aluminum in pure nitrogen at 2.8 kilowatts, 473 volts to a transmission of 23 
percent. The coating thicknesses for each individual layer in Angstroms are 25 Angstroms titanium, 400 
Angstroms titanium nitride and 270 Angstroms silicon-5% aluminum nitride. The properties on clear glass, 
before and after heating, are the following: 



10 



15 



20 



25 



I.E. CHROMATICITY COORDINATES 
(1931 2 degree observer) 



Film Side 



Glass Side 



30 



Reflectance 

(Illuminant D65) 
Y 
x 

y 

Y 



Transmit tgtnce 
(Illuminant A) 

Y 

x 

TSET ™ £ 



Unheated 

13.59% 
.357 
.3767 

29.25% 
.3042 
.3366 



24.11% 

.4479 
* .4156 

17.9% 
"10.7% 



H ea t ed 

10.31% 
.3264 
.3411 

19.11% 
.2945 
.3234. 



34 . 7% 
:4387 } 
.4165 

21.7% 

10.3% 



The transmitted total : solar infrared, radiation (TSIR)\ shows JhaX the titanium ; nitri.de- .does not degrade ; 
after heating, but instead is slightly enhanced. This is also evident in the wavelength region greater than 
35 900 nm where TSIR is up ; to O percent lower tham the unheated sample. The abrasion resistance after 
heating is well below the required 2 percent haze, limit for glass. The before heat scratch resistance is more 
than sufficient to survive the complete, manufacturing tempering process (cutting, edging, washing, screen- 
ing, and tempering) with no scratching or coating degradation. 

This coating applied to 4.0 millimeter Solargray® glass for privacy glazing in automotive sidelights and 
40 backlights reduces luminous transmittance to approximately 20 percent and total solar transmittance to 13 
percent. 

EXAMPLE 10 

45 The first layer is deposited by sputtering a planar silicon-7.5% nickel cathode in argon at 0.4 kilowatts, 
500 volts, to a transmission, of /81 .4, percent (1 pass), .followed by J pass at 90,. inches (2.3 meters) per 
minute using a planar titanium cathode in pure' nitrogen at 6.0. kilowatts, 596 volts, to a transmission of 53.7 
percent, followed by 12 passes using a planar cathode with silicon-7.5% nickel in a 50 percent argon-50 
percent oxygen gas mixture at 3.0 kilowatts, 348 volts to a transmission of 63.2 percent. The coating 

so thicknesses for each individual layer are 23 Angstroms of silicon-7.5% nickel, 100 Angstroms of titanium 
nitride and 790 Angstroms of silicon-7.5% nickel oxide. 

The properties on 6.0 millimeter clear float glass before heating (Unheated) and after heating at 1300* F 
(704 °C) for 3.5 minutes (Heated) as illustrated in Figure 4 are the following: 



55 
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CLE. CHROMATICITY COORDINATES 
(1931 2 degree observer) 



10 



15 



20 



Film Side 



Glass Side 



25 



Ref lectapcfi 
(Illuminant D65) 
Y 
x 

y 

Y 
x 

y 

Transmitt ? nrp 
(Illuminant A) 

Y 

x 

y 

TSET 
TSIR 



Unheatod 
3.28 
.3350 
.3187 
13.25 
.3102 
.3388 



63.21 
.4511 
.4140 

52.56 

43.84 



Heate.a 

3.02 
.3068 
.3443 

9.51 
.3037 
.3323 



70.88 
.4431 
.4120 

55.26 

40.38 
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roninnZV 7 1 'T?? transmittaric e as a f ^tion of wavelength (in nanometers) in the solar 
Z vKihl h t T b f° re 3fter heatin9 " Th6Se data show that the transmittance increases in 

coating 63568 ' ^ Ma enhancin 9 the total solar Performance of the 

i, r^HrVT TT 9 ? depo f ited on heat Absorbing glass such as Solex® glass, the titanium nitride layer 
reauirempnt Th * or 4 0 ™" So.ex glass to meet the 70 percent (Illuminant A) transmittance 

3M ' I T, tSt °' ar P~ Pert ' eS ° f thiS C03tin9 ° n 4 0 mm Sol6X 9' aSS after heati "9 *» ^^utes at 
percent. = ^ TS ' R = 27 67 P6rCent f ° r an ,,,uminant A transmittance of 7t.03 

t an J he nH eSU r^ COatin T 9 J S ^"reflecting from the film side and has neutral appearance in both transmit- 
tance and reftectence. The transmittance (Illuminant A) is maximum and TSET minimum for silicon-7 5% 

ti »nh IT , 6 J ? ^ n ! SS6S , the ranQe ,r ° m 790 A "9 stroms < 1 * Passes) to 925 Angstroms (14 passes) with 
titanium nitride thicknesses less than or equal to 100 Angstroms 

,t ah r^ iCOn "r 5 °f niCke ' deSCribed in thiS example (0 - 4 ki,owatt > is ,he Sickness for a 

OnsS ^ r!" «nn h t^ 6 ™ 9 - ^f" 9 breakdown - « described earlier, will occur rapidly for thinner layers, 
the 2hP SS i 63 f Wn T be S6en 33 thG transmissi0 " as the primer layer is decreased On 

aTh tS i t COatm9 ™" "° l meet the reqUir6d " 9ht transmission of 70 percent or greater (Illuminant 
I h P TI^ e ' ' S sputtered at neater than 0.7 kilowatts (40 Angstroms). Generally, if this layer is 
ZTZ a °f- k,l0 : a " S ' 525 volts ' resul «"9 73 percent transmission on 6.0 mi.limeter clear glass after 1 
pass (34 Angstroms), the coating will be stable with transmission above 70 percent (Illuminant A). 

EXAMPLE 1 1 

A coated article prepared as in Example 10. but having the configuration 
glass/Si-5%AI/Ti nitride/Si-5%AI nitride 

is stable with tempering with a Si-5% Al thickness greater than or equal to 25 Angstroms for a Si-5% Al 
nitride layer greater than or equal to 125 Angstroms. 
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EXAMPLE 12 

A coated article prepared as in Example 11, but having the configuration 

5 glass/Si-8%Fe-.25%B/Ti nitride/AI nitride/Si-8%Fe-.25%B nitride 

is stable with tempering with a Si-8%Fe-.25%B thickness of 25 Angstroms, aluminum nitride thickness of 80 
Angstroms, and a Si-8%Fe-.25%B nitride thickness of 200 Angstroms. Although aluminum nitride dissolves 
in water, for a coating with the above configuration, the unheated coating survives boiling in water for 30 
w minutes and is stable with tempering. The heated coating also survives boiling for 30 minutes. Si-8%Fe- 
25%B is used when absorption is desirable in the coating, for example in privacy glazing. 

EXAMPLE 13 

75 A coated article is prepared as in the previous examples, having the configuration 
glass/Si-8%Fe-.25%B/Ti nitride/Si-8%Fe-.25%B/Si-8%Fe-.25%B nitride. 

The coating is stable with tempering for Si-8%Fe-.25%B thicknesses of 25 Angstroms and Si-8%Fe-.25%B 
20 nitride thickness of 350 Angstroms. The additional layer gives increased flexibility, in varying color,- 
transmittance and reflectance in addition to thermal stability. 

EXAMPLE 14 

25 Coatings are prepared as. in the previous examples, having the configuration ^ ... . .. , . . 

glass/Ti/Ti nitride/Si-1 3% Al nitride or oxynitride: . * - v- .. : _ iy .... 

These coatings illustrate the differences between the Si-M2 nitride and oxynitride overcoats. Both of these 
30 coatings are stable with tempering. The first three layers of both coatings are made by sputtering on 6 
millimeter clear glass the layers as described in Example 1, except the 9 passes of the titanium nitride layer 
were sputtered at 4.4 kilowatts, 543 volts to a transmission of 16.5 percent. The thickness of the titanium 
nitride layer was -440 Angstroms. Both overcoat layers were then sputtered to. the .same physical '» 
thicknesses of 220 Angstroms. The Si-13%AI nitride overcoat layer was made by sputtering 5 passes from 
35 a planar cathode in pure nitrogen at 3.0 kilowatts, 456 volts to a final transmission of 19.7 percent. The Si- 
13%AI oxynitride layer was made by sputtering 5 passes from the same planar cathode in a 6 percent 
oxygen - nitrogen mix at 2.6 kilowatts, 450 volts to. a final transmission of 18.9 percent. The CIE color 
coordinates were then compared for the coating after heating on both the film and glass sides. 



40 



45 





Reflectance 


* Nitride 


Oxynitride 


Film Side 


Y(D65) 

X 

y 


12.08% 
.3292 
.3311 


15.42% 
.3341 
.3288 


Glass Side 


Y(D65) 

X 

y 


20.2% 
-.2973 
.3219 


17.94% 
.2977 
.3114 



so From the above results it can be seen that as the overcoat with constant physical thickness goes from 
nitride to oxynitride there is a color shift and change in reflectance due to change in the coating index. 

EXAMPLE 15 

55 A coated article prepared as in the previous examples having the configuration 

glass/Si«7.5%Ni/Ti nitride/Si-10%Cr nitride 
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34 Angstroms. tnickness of 100 Angstroms and S.-7.5%Ni layer thickness of 

eJSlts: s^vs: s ^Tr 9 °f 60 mi,,imeter c,ear 9,ass as described h 

nitrogen at 3.0 kilowatts 510 voItT to a «naf K£2 T£ ^ 3 P ' 3n3r SM0%Cr Cathode in P ure 
Angstroms. 3 ' transm,ss '°" °f 53.1 percent. The thickness of this layer is 290 

^ca^^LZZrLTl: 0 h " UStrate ^ Pr6Sent inV6nti0n - ° th6r metal ' ™™ ""ride and 
meta, layers as dScribS atove oler mLf ^T™ ^ ° Xid3ti ° n by dense oxide surface Arming 
composition ranges ma r b f^i as the rn^in I ? ***** M ^ ^ metallic fi,ms and 
nitride layers used a Tthe P ^«v ^ overcoat and otf TT^ ^ ^ ^ ° Xid6 ' °^ iWde and 
vary according to equipment ^ TmX^^nT^ .T?™ 9 ^ De P° si «°" conditions will 

the desired rektan^^^^ - be varied to produce 

following claims. ^ scope of the P res ^nt invention is defined by the 



Claims 



1. A heat processable, metallic appearing coated article comprising- 

a. a transparent glass substrate; 

b. a metallic appearing metal-containing film; and 

0*^,"'* aCC °' din9 10 C ' aim '■ Said >»«««• is , me.ai „h,ch to™ , dense 

6 - p'orreCisirr ,o c,,im - ^ * « „. 

? ' p^lTe SeMsXn" 9 '■ " herel " 0,6 ^er is niWe „ , h . 

a ^ssss^ir^s^: a ~ ™ m — — * ~ ~~ 

9. A coM.d ersce according to c.aim 8. „her.in e»d mwi dxide layer comprises zinc and On. 

11. A temperable, metallic coated article comprising: 
a. a transparent glass substrate- 

c. a metal compound film with metallic properties- and 

d. a protective layer which prevents oxidation of the metal compound film upon heating. 
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12. A coated article according to claim 11, wherein the metal compound film is selected from the group 
consisting of metal borides, metal nitrides, metal carbides "and metal oxynitrides. 



13. A coated article according to claim 12, wherein the metal compound film is selected from the group 
5 consisting of chromium nitride, titanium nitride, titanium boride, titanium carbide, zirconium nitride, 

hafnium nitride, tantalum nitride, niobium nitride, titanium oxynitride, zirconium oxynitride, chromium 
oxynitride, tantalum oxynitride, and niobium oxynitride. 

14. A coated article according to claim 11, wherein said protective layer is selected from the group 
70 consisting of nitrides, oxides and oxynitrides of silicon and silicon-metal alloys. 

15. A coated article according to claim 14, wherein said protective layer is selected from the group 
consisting of silicon oxide, silicon nitride, silicon oxynitride. silicon-nickel oxide, silicon-nickel nitride, 
silicon-nickel oxynitride, silicon-aluminum oxide, silicon-aluminum nitride, silicon aluminum oxynitride, 

75 silicon-iron oxide, silicon-iron nitride, silicon-iron oxynitride, silicon-chromium nitride, silicon-chromium 
oxynitride, silicon-nickel-chromium oxide, silicon-nickel-chromium nitride, silicon-nickel-chromium ox- 
ynitride, silicon-boron oxide, silicon boron nitride and silicon boron oxynitride. 



16. A coated article according to claim 11, wherein the stabilizing layer contains a metal selected from the 
20 group consisting of silicon or titanium, the metal compound layer comprises titanium nitride, and the 

protective layer comprises silicon nitride, oxide or oxynitride. 

17. A coated article according to claim 11, wherein the stabilizing layer is a silicon-metal alloy or titanium, 
the metal compound layer is titanium nitride and the protective layer is selected from the group 

25 consisting of silicon-metal alloy nitride, oxide, and silicon-metal alloy pxynitride. 

18. A coated article according to claim 11, wherein an additional . Jayer is deposited between .the metal- 
containing layer and the protective layer. 

30 19. A coated article according to claim 18, wherein said additional layer is selected from the group 
consisting of silicon, titanium, silicon-metal alloys and oxides, nitrides and oxynitrides thereof. 

20. A coated article according to claim 19, wherein the stabilizing Jayer comprises silicon or titanium, the 
metal-containing layer is titanium nitride, the additional layer is selected from the group consisting of 

35 silicon, titanium, silicon-metal alloy and aluminum nitride, and the protective layer is selected from the, 

group consisting of silicon oxide, silicon nitride, silicon oxynitride, silicon-nickel oxide, silicon-nickel 
nitride, silicon-nickel oxynitride, silicon-aluminum oxide, silicon-aluminum nitride, silicon aluminum 
oxynitride, silicon-iron oxide, silicon-iron nitride, silicon-iron oxynitride, silicon-chromium nitride, silicon- 
chromium oxynitride, silicon-nickel-chromium oxide, silicon-nickel-chromium nitride, silicon-nickel-chro- 

40 mium oxynitride, silicon-boron oxide, silicon boron nitride and silicon boron oxynitride. 

21. A method of making a heat processed metallic appearing coated article comprising the steps of: 

a. depositing on a surface of a glass substrate a metallic appearing metal-containing film; 

b. depositing a protective layer comprising a different metal from the metal-containing film which 
45 prevents oxidation of the metal-containing film upon heating; and 

c. heating the glass substrate on which are deposited said metalrcontaining film and protective layer 
to a temperature sufficient to bend the glass. 

22. A method according to claim 21, further comprising the step of depositing an amorphous metal oxide 
50 between said metal-containing film and said protective layer. 



23. A method of making a tempered metallic appearing coated article comprising the steps of: 

a. depositing on a surface of a glass substrate a stabilizing film selected from the group consisting 
of silicon, titanium, zirconium, tantalum, chromium, niobium, silicon alloys, nickel-chromium alloys 

• 55 and aluminum nitride; 

b. depositing a metal compound film with metallic properties on the stabilizing film; 

c. depositing a protective layer comprising a silicon or silicon alloy dielectric which prevents 
oxidation of the underlying metal compound film upon heating; and 
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